Objective: The neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) are markers that can determine the presence of systemic inflammatory response. In this study, we examined the NLR and PLR levels in patients with heroin dependence compared to healthy controls. Methods: The study sample included 90 male patients with heroin dependence aged 18 to 45 years and 60 healthy subjects who had similar socio-demographic characteristics as the patient group. The diagnoses of heroin dependence and other Axis I psychiatric disorders in the patient and control groups were screened with the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (SCID-I). The extent of heroin addiction was assessed with the Addiction Severity Index (ASI). Results: The mean NLR and PLR levels of patients with heroin dependence were significantly higher than the control subjects (p=0.031 and p＜0.001, respectively). Positive correlations were found between NLR, PLR and duration of the disorder. Conclusion: Our results indicate that inflammatory processes may play a role in the pathophysiology of heroin dependence.
INTRODUCTION
Heroin dependence is defined as continuing heroin usage despite significant physical or psychological complications. 1) Heroin is the most commonly used opiate in the world. The lifetime prevalence of opioid use or its dependence has been reported to be 0.3% to 0.5% in the general population. 2, 3) Alcohol/substance abuse disorders are accepted as a bio-psychosocial disorders and numerous risk factors such as socio-cultural, biological or genetic effects as well as psychological and individual differences are involved in the etiology of the disorders. 4, 5) In recent years, it has been accepted that the biological basis of mental conditions also entails genetics, impairment in biochemical neurotransmission and receptor functions, and oxidative stress/antioxidant balance. [6] [7] [8] Furthermore, neuro-inflammatory processes play a significant role in both the etiology and progression of psychiatric disorders. [9] [10] [11] Evaluation of the relationship between opioid dependence and neuroinflammation indicated differences in the serum levels of cytokines like interleukin-1 (IL-1), IL-2, IL-4, IL-6, IL-8, interferon gamma (IFN-) and tumor necrosis factor alfa (TNF-). [12] [13] [14] Brain and plasma cytokine secretion was shown to be markedly increased in chronic opiate users and it was suggested that chronic opiate use could cause inflammation, neuronal degeneration and neuronal damage. 14) Some studies suggest that opiates such as heroin and morphine have adverse effects on the immune system. 15, 16) Heroin, by affecting the opiate receptors on macrophages and lymphocytes directly 17, 18) or in the central nervous system (CNS) indirectly, can change several physiological functions including immune system reactions in the body. 19, 20) The white blood cells (WBC), neutrophil and lymphocyte counts and neutrophil-lymphocyte ratio (NLR) are indicators of systemic inflammation. NLR and platelet-lymphocyte ratio (PLR) are markers that can be assessed easily and determine the presence of systemic inflammatory response. 21, 22) NLR and PLR were shown to be positively correlated with inflammatory markers including IL-6 and TNF-. 23) In addition to inflammation, NLR was also considered to reflect inflammation in blood vessel wall while PLR was indicative of high blood viscosity. 24) Moreover, PLR was found to be a more sensitive marker of inflammation than NLR. 25, 26) NLR has been evaluated in psychiatric disorders such as Alzheimer disease, schizophrenia, bipolar disorder and depression. [27] [28] [29] [30] [31] NLR was found to increase in these disorders and was considered to be an indicator of increased inflammation. NLR has been determined in the context of chronic stress in animal studies. 32, 33) Moreover, increased NLR has been reported to be related to oxidative stress and increased cytokine production, both of which are seen in heroin dependence. 34) However, to our knowledge, there is no published study that has evaluated NLR and PLR in heroin addicts. Therefore, the aim of this study was to investigate NLR and PLR in patients with heroin dependence compared to healthy subjects.
METHODS

Sample
This controlled study included 90 consecutive male heroin addict patients between 18 and 45 years of age who were admitted to a psychiatry clinic. All patients had a positive urine opioid test and were treated with buprenorphine. The exclusion criteria were as follows: any additional substance use disorder (except smoking), other psychiatric disorders, obesity, presence of acute or chronic hormonal, inflammatory and autoimmune disorder, presence of a severe medical disease (e.g., cardiovascular and pulmonary system diseases, neurological diseases, hepatic and renal failure), presence of active infection, treatment with anti-inflammatory and immunosuppressive drugs, abnormalities in laboratory tests (e.g., anemia, thrombocytopenia, leukocytosis, leukopenia etc.) and lack of a blood sample.
The control group consisted of 60 healthy male hospital employees between 18 and 45 years of age. The patient and control groups had similar demographic characteristics in terms of age, education and smoking habits. The control subjects had not undergone any medical treatment for 6 weeks prior to providing blood samples. Moreover, they had no history of psychiatric, neurological or medical disorders.
Procedure
The procedures and objectives of the study were explained to the participants by a psychiatrist and written informed consent was obtained from all participants. The study procedure was approved by the ethics committee of the Faculty of Medicine of Selcuk University (No. 2016/29). A semi-structured interview form developed by the researchers was used to collect data on the demographic and clinical characteristics of the participants. The Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (SCID-I) was used for the diagnoses of heroin addiction and other Axis I psychiatric disorders in patient and control groups. 35, 36) The severity of symptoms of heroin dependence in the patients was assessed with the Addiction Severity Index (ASI). ASI is a semi-structured interview that was developed by McLellan et al. 37) The Turkish version of ASI contains 140 items with scores between 0 and 9 and assesses 6 different dimensions: medical status, employment/support status, drug/alcohol use, legal status, family/social status and psychiatric status. Higher scores correspond to greater severity of the addiction. The validity and reliability study of the Turkish version was carried out by Demirbaş et al. 38) Following psychiatric evaluations, samples for laboratory tests were obtained from the participants. The blood samples were taken from the left forearm vein after 12 hours of fasting during a routine laboratory evaluation. For the complete blood count, the blood samples were drawn into vacutainer tubes that included ethylenediaminetetraacetic acid as an anticoagulant and the samples were analyzed in an automatic blood cell counter (Abbott CELL-DYN 3700; Abbott Laboratories, Abbott Park, IL, USA).
Statistical Analysis
The data were analyzed using the PASW Statistics version 18.0 for Windows (IBM Co., Armonk, NY, USA). The data are presented as mean±standard deviation and per- 
RESULTS
The mean age of the participants of this study (n=150) was found to be 23.28±3.71 years. There were no significant differences between the patient and control groups in terms of age (t=0.84, p=0.42) and education level (t=−0.25, p=0.80). The mean age of onset of heroin use was 19.54±3.98 years and the mean duration of the disorder at the time of study was 3.90±2.77 years ( Table 1) .
The NLR was significantly higher in patients with heroin dependence than control subjects (1.86±0.89 vs.
1.30±0.31; p=0.011). Additionally, the patients had significantly higher PLR compared to the control subjects (112.0±50.4 vs. 88.95±24.6; p＜0.001). Heroin dependent patients had significantly more neutrophil (4.46±1.64 and 3.76±0.80, respectively) and platelet (284.2±79.67 and 253.2±54.70, respectively) counts compared to the control subjects.
The NLR and PLR levels were significantly higher in the patients with injecting heroin intravenously compared to control subjects (p＜0.05). There were also no significant differences between the patients and controls in terms of other blood count parameters (Table 2 ). Pearson correlation analysis showed that NLR and PLR were positively correlated with the duration of the disorder (p=0.000). However, NLR and PLR were not significantly correlated with age of onset of heroin use and severity of the disorder (p＞0.05) ( Table 3) . 
DISCUSSION
To our knowledge, this is the first study to evaluate PLR and NLR in patients with heroin dependence and showed that both ratios were higher in patients with heroin dependence when compared to healthy controls. Moreover, there was a statistically significant correlation between the duration of the disorder and PLR and NLR.
Several studies have examined NLR in psychiatric disorders such as Alzheimer disease, 27) schizophrenia, 28) bipolar disorder, 29) and depression.
30,31) Kuyumcu et al. 27) demonstrated that NLR of patients with Alzheimer disease was higher than individuals with normal cognitive functions. Semiz et al. 28) reported that schizophrenia patients had higher NLR compared to healthy subjects. Additionally, Çakır et al. 39) found that NLR levels were higher in patients with bipolar disorders compared to healthy individuals. Demir et al. 30) and Demircan et al. 31) found that NLR levels were significantly higher in patients with major depression compared to control subjects. Similarly, Kalelioglu et al. 29) demonstrated that NLR levels were higher in both manic and euthymic patients with bipolar disorder compared to healthy individuals. Moreover, in a study by Kalelioglu et al. 29 ) PLR levels were also higher in the patient group compared to healthy controls. In these studies, the high NLR and PLR levels were ascribed to increased inflammation, which might play a role in the etiology of these disorders. Corroborating these data, in the current study we found that patients with heroin dependence had higher NLR and PLR values compared to healthy controls. An analysis of inflammatory parameters in opiate addicts in the literature indicated that increased levels of cytokines, acute phase reactants, immunoglobulin (Ig) G, and IgM were seen in addicts when compared to healthy individuals. 12, 14, 40) Chan et al. 14) reported that IL-1, IL-6 and IL-8 levels were significantly higher in patients with heroin dependence than healthy controls. In another study, the plasma TNF- and IL-8 levels were found to be significantly higher in long-term heroin dependent patients than healthy controls and these levels were significantly decreased after 12 weeks of treatment.
12) Reece 41) reported that compared to healthy controls, immune parameters like C-reactive protein, erythrocyte sedimentation rate, total lymphocyte count, serum globulin and globulin to albumin ratio were higher in opioid dependent patients. Wang et al. 40) reported that IFN-, IgG and IgM levels were significantly higher in heroin users compared to healthy controls. Specifically, IFN- level was found to be higher between days 0 and 28 and this level was decreased on day 84 in heroin users. IgG and IgM levels in heroin users were found to be higher than the healthy control group in 12 weeks ofthe study period. 40) White blood cells, particularly neutrophils, play very important roles in the inflammatory process; therefore, white blood cell countis considered to be an important determinant of chronic inflammation. Additionally, platelets play an important role in atherogenesis, particularly in the development of inflammation. 42, 43) Platelets can interact with several cell types such as endothelial cells, T lymphocytes, neutrophils and mononuclear phagocytes. It has been reported that platelets can initiate andaggravate inflammation on the arterial wall as a result of its interactions with other cell types. 44) Increasing evidence shows that interaction of platelets with leukocytes on vessel wallscan induce inflammation. 45) In the current study we found decreased number of lymphocytes and increased total WBC, neutrophil and platelet counts in patients with heroin dependence compared to healthy controls. Additionally, NLR and PLR, which are the markers of inflammation, were higher in the patients than the control subjects. Therefore, NLR and PLR can be used as a marker for inflammation in heroin addicts. NLR and PLR levels were also found to be associated with the duration of disorder in the current study. Serum immunoglobulin levels have previously been shown to be correlated with the duration of heroin dependence. 40, 46) Chen et al. 12) reported that TNF- and IL-8 levels were significantly elevated in patients who used heroin for longer periods. Chronic opiate use may increase cytokine secretion in the plasma and brain causing inflammation, neuronal degeneration and neuronal damage in the peripheral and CNSs. It is suggested that this neuronal damage could be related to a drug seeking behavior. 12) This further supports our hypothesis that long-term heroin use might cause systemic inflammation. In our study, patients who injected heroin intravenously exhibited significantly increased NLR and PLR compared to control subjects. Several studies have revealed the association of injection drug use with increase in inflammatory mediators. 12, 47) In these studies serum IL-1, IL-6, IL-8, IL-10, TNF-, and transforming growth factor- levels were increased in heroin addicts compared to control subjects. Additionally, Piepenbrink et al. 47) showed that injection drug users had significantly higher IgG3, IgG4, and IgM levels than healthy controls. These authors suggested that injection drug users showed broad alterations in the profile of the humoral immune system, which was also indicative of systemic inflammation. Such dysregulation may impair the ability of injection drug users to generate optimal responses to vaccination and infection, or lead to increased risk for inflammation-related comorbidities. The limitations of the study can be listed as the following: (a) A relatively small sample size, which decreased the power of specific analyses; (b) The inclusion of only male patients in the study; (c) Other inflammatory markers such as CRP and cytokines were not evaluated; (d) the amount of heroin used was not evaluated; (e) The influence of smoking on inflammation cannot be excluded due to the fact that all of the patients who participated in the study were also smokers.
In conclusion, our results show that NLR and PLR levels were statistically significantly higher in patients with heroin dependence compared to healthy subjects. Thus, inflammatory processes may play a role in the pathophysiology of heroin dependence. Further comprehensive studies are needed with a larger sample size in order to better understand the relationship between inflammation and high NLR and PLR in heroin dependence.
